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Introduction   
 
A myocardial perfusion imaging (MPI) SPECT/CT system can noninvasively detect myocardial 
ischemia. We can provide accurate diagnosis and management for patients with coronary artery 
disease by checking result of MPI addition to coronary angiography. As one of the new development, 
MPI SPECT/CT system using a multifocal collimator was introduced in 2010 to improve the 
efficiency of MPI using conventional SPECT. Multifocal collimator SPECT/CT allows MPI scans to 
be performed using a quarter of the standard administered dose, or with a quarter of the time 
required with the standard administered dose employed with parallel-hole collimators (Rajaram et al., 
2011). Previous study showed that MPI using multifocal collimator SPECT/CT generates images 
equivalent to those acquired on conventional SPECT/CT cameras with both
 201
Tl and
 99m
Tc 
radiopharmaceuticals (Caobelli et al., 2013; Horiguchi et al., 2014). However, the correlation of 
multifocal collimator SPECT/CT with 
201
Tl and coronary angiography (CAG) has not been 
evaluated. In this study, we evaluated the diagnostic accuracy of multifocal collimator SPECT/CT in 
coronary artery disease (CAD) detection by comparing it with coronary artery angiography (CAG). 
 
  
 
Methods   
 
A total of 459 patients underwent stress MPI in our institute between June 2011 and December 2012. 
Of those patients, 101 underwent stress MPI with multifocal collimator SPECT/CT with 
201
Tl and 
CAG within 3 months of each other. We excluded patients with prior myocardial infarction, coronary 
spastic angina, non-ischemic cardiomyopathy, severe valvular heart disease, or prior surgical 
revascularization. No patients were excluded due to poor MPI image quality. Finally, we 
retrospectively evaluated a total of 50 patients.  
Patients underwent MPI with exercise or pharmacologic stress using multifocal collimator 
SPECT/CT in accordance with the guidelines for stress MPI proposed by the Japanese Society of 
Nuclear Cardiology. Each image was divided into 17 standard myocardial segments, and the 
segments sorted into three coronary artery territories defined by the American Heart Association. 
Defect scores for each segment were semi-quantitatively determined by the consensus of 
two cardiologists using the following 5-point scoring system: 0, normal; 1, mild defect; 2, moderate 
defect; 3, severe defect; 4, no uptake. We calculated the summed defect scores per vessel, which 
were the sum of the defect scores in a coronary artery territory. 
Summed stress score (SSS) per vessel and summed rest score (SRS) per vessel were 
defined as the sum of the defect scores in a coronary artery territory in early images and that in 
delayed images, respectively. Summed difference score (SDS) per vessel was derived by subtraction 
of SRS per vessel from SSS per vessel. 
Selective coronary cineangiography was performed mainly with a percutaneous radial 
artery approach. Coronary artery stenoses were defined as a luminal narrowing of ≥ 75% as detected 
by quantitative coronary angiography (QCA) software. 
A cut-off value in receiver operating characteristics (ROC) analysis was obtained by 
  
 
checking a point on the ROC curve nearest to the coordinate point (1 – specificity, sensitivity) (0, 1), 
which indicated the best sensitivity and specificity. 
 
Results   
 
We generated ROC curves for the SDSs to find the best sensitivity and specificity to detect coronary 
artery stenosis in each coronary artery. Each ROC curves were described in Figure 1.  
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For all coronary arteries, sensitivity, specificity, positive predictive value (PPV), negative predictive 
value (NPV), and accuracy were 85%, 83%, 66%, 94% and 84%, respectively. Sensitivity was 88%, 
77% and 91% for LAD, LCX, and RCA, respectively. Specificity was 79%, 95% and 77% for LAD, 
LCX and RCA, respectively.   
We also analyzed diagnostic accuracy per patient. Sensitivity, specificity, PPV, NPV, and 
accuracy per patients were 97%, 57%, 76%, 92% and 80%, respectively.
      
  
 
Discussion   
 
A recent meta-analysis showed that the sensitivity for finding coronary stenosis was 70%–80%, and 
specificity was 80%–90% for conventional MPI using 
201
Tl. It is notable that MPI with multifocal 
collimator SPECT/CT can detect coronary stenosis with high accuracy with about half the scan time 
of conventional SPECT/CT. 
Some of the diagnoses of stenosis assessed by MPI disagreed with those based on CAG. 
We allocated the perfusion territories of each coronary artery based on the 17-segment model. 
However, the perfusion territory of coronary arteries varies among individuals. These limitations 
have been noted in comparison studies between MPI and CAG (Allman et al., 1992; Förster et al., 
2010). In this study, sensitivity for LCX territory defects may be lower than for disease in the other 
two coronary arteries because of this allocation problem. Moreover, a recent large multicenter trial 
investigating fractional flow reserve in coronary lesions with angiography has revealed that the 
majority of coronary lesions with 50–70% stenosis are not hemodynamically relevant, and for 70–
90% stenosis, functional relevance is lacking in 40% of lesions (Tonino et al.,2009; Fiechter et al., 
2011). This may also explain the MPI/CAG discrepancies in our study. 
Many questions associated with this newly system are remained. For example, questions 
about the accuracy to detect CAD using 
99m
Tc radiopharmaceuticals, improvement method to 
diagnose multivessel disease which is difficult to evaluate, comparison between MPI with 
CT-derived attenuation correction (CTAC) and MPI without CTAC, are still left unsolved. More 
study related MPI SPECT/CT system using a multifocal collimator will contribute to better medical 
treatment and interests of patients who suffer from cardiac disease. 
Conclusion of this study is that MPI using multifocal collimator SPECT/CT detects 
angiographically-documented CAD with high accuracy.
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